We have used BITA in 95% of our unselected, consecutive off-pump CABG patients without any major wound complications. Our limited experience has shown off-pump CABG using BITA grafting can be safely adopted routinely with excellent early result.
Introduction
Long-term benefit of bilateral internal thoracic grafts (BITA) is well-established [1] [2] [3] [4] [5] . Still there is reluctance amongst surgeons to adopt routine BITA grafting. It is often agreed that there is no real contraindication to BITA grafting [6] . BITA grafting is often avoided in female patients and in patients with diabetes, obesity, old age, diffuse disease, renal impairment and poor left ventricular function. We have been using BITA grafting routinely in all patients even with all of the above mentioned risk factors. The objective of this study is to analyse our early results of off-pump BITA grafting and establish the short-term safety of routine off-pump BITA grafting.
Patients and Methods
The study was conducted in accordance with the principles of the declaration of Helsinki. All cases of consecutive,
Background
The long-term benefit of bilateral internal thoracic grafts (BITA) is well established. BITA grafting is often avoided in diabetic, female, obese, elderly and other high-risk patients because of concerns for deep sternal wound infection. The objective of this study is to analyse early results of our BITA grafting and to establish the safety of BITA use in all patients.
Methods
All cases of isolated consecutive unselected CABG were included in this retrospective study. BITA were used in-situ -one was used to graft left anterior descending artery and the other was used as inflow for a composite graft with radial artery. Dual inflow using in situ BITA grafting allows easy bailout by using an additional vein graft.
Results
BITA was used in 574 patients out of 602 (95.35%). Incidence of early death was 1.33% (8/602), stroke 0.5% (3/602), reoperation for bleeding 0.17% (1/602). Deep sternal wound infection was not seen in any patient but nine patients (1.5%) had superficial wound infection which healed with dressing.
unselected isolated coronary artery bypass grafting (CABG) operated by the first author from March 2007 to June 2014 were included in this retrospective study from the prospectively collected data and operation records. Preoperative, operative and postoperative records of all the patients were analysed.
Definition of Variables: Age, sex, height, weight, hypertension (HT), chronic obstructive pulmonary disease (COPD) and diabetes mellitus (DM) data were collected from operation notes. Diffuse disease was noted from operation records and syntax scoring of angiogram was not performed. Patients with serum creatinine above normal value was taken as renal dysfunction, which was noted as ''yes'' if serum creatinine is above normal limit.
Surgical Technique: Off-pump coronary artery bypass grafting (OPCAB) was performed in all patients as a routine and through a median sternotomy. We used a maximum number of arterial grafts and both internal thoracic arteries (ITA) whenever possible. ITAs were harvested extrapleurally using a skeletonised technique. Vein graft was used when arterial grafts were not suitable for use or to supplement the length of arterial grafts. Aortic clamping was avoided whenever possible. ITAs were used in situ -one ITA was used to graft left anterior descending (LAD) artery and the other ITA was used as a composite graft with radial artery or saphenous vein (if radial artery was not available). After harvesting of grafts, LAD was grafted before any cardiac manipulation. In-situ left ITA (LITA) was used most frequently and sometimes right ITA (RITA) was also used to graft LAD artery.
OPCAB Technique: We did not use any deep pericardial stay suture. Warm saline soaked gauze pieces were used to position the heart. A suction type of stabiliser and mister blower were used for OPCAB grafting. Intracoronary shunts were used routinely. We did not use an apical stabilising device. Haemodynamic compromise during OPCAB was treated with inotropes and insertion of intra-aortic balloon pump [7] . The various configurations used were: Configuration 1: LITA was used to graft LAD. After LITA-LAD anastomosis, RITA-RA ''y'' graft was constructed. RITA was used to graft a high diagonal or ramus intermedius or proximal obtuse marginal (end to side). After this RA was used to graft the lateral and inferior surface arteries. Configuration 2: This was a similar to configuration 1 but sequential LITA was used to graft LAD in two places or diagonal LAD sequentially. Configuration 3: LITA was used for LAD or diagonal and LAD. RITA was extended using RA -both were anastomosed end to end (I graft) and the RA was used to revascularise the lateral and inferior wall. Configuration 4: RITA was used to graft LAD. After this, LITA-RA composite graft (I or Y graft) was created and this was used for the remaining vessels. Configuration 5: LITA and RITA were both used as in-situ graft and no composite grafts were created. Configuration 6: LITA -RA ''y'' graft when LITA was used for LAD system and RA was used for inferior and lateral wall; this provided single inflow. In one patient with documented LITA disease in angiography, RITA-RA ''y'' was used. Configuration 7: In some patients with diffuse coronary artery disease -''y'' graft was performed in both LITA and RITA either using bilateral radial artery or one RA and SVG (Saphenous Veinous Graft).
After grafting of LAD artery, the heart was lifted and other vessels for grafting were assessed. The composite graft between the other ITA and radial artery was created [8] . The remaining grafts were performed. The saphenous vein was used as an alternative or to supplement the radial artery whenever required.
Statistical Methods: A logistic regression was performed to ascertain the effects of age, sex, diabetes mellitus (DM), glycosylated haemoglobin level (HbA1C), body mass index (BMI), hypertension (HT), left ventricular ejection fraction (EF), diffuse coronary artery disease, preoperative renal dysfunction, chronic obstructive pulmonary disease (COPD) and total number of coronary distal grafts (Total Graft). The outcomes that were assessed were early death, reoperation for bleeding, stroke and infection.
Preoperative characteristics are summarised in Table 1 . Figure 1 shows the distribution of HbA1c level in all patients. There were eight early deaths (1.33%). A logistic regression was performed to ascertain the effects of age, sex, EF, HbA1C, DM, BMI, HT, Diffuse Disease, COPD, Renal dysfunction and Total Graft with the likelihood that participants have an outcome of early mortality ( Table 2 ). Of the 11 predictor variables only two were statistically significant: female sex and diffuse disease (as shown in Table 2 ). Females had 17.21 times higher odds of exhibiting mortality than males and diffuse disease had 24.56 times higher odds of exhibiting mortality.
There were three patients (0.5%) who had postoperative stroke. Two of them had aortic anastomosis of a vein graft and the third patient had bilateral carotid disease and developed embolic stroke on the fifth postoperative day after anaortic OPCAB. There was one patient who required reoperation for postoperative bleeding.
There was no incidence of deep sternal wound infection (DSWI) in any of the patients. However nine patients (1.5%) had a superficial wound infection which healed with a dressing. A logistic regression was performed to ascertain the effects of age, sex, EF, HbA1C, DM, BMI, HT, Diffuse Disease, COPD, Renal dysfunction and Total Graft on the likelihood that participants would have an outcome of superficial infection (Table 3 ). Of the 11 predictor variables only two were statistically significant: HbA1C and COPD (as shown in Table 3 ). Increasing HbA1C was associated with an increased likelihood of exhibiting superficial infection and COPD had 15.69 times higher odds to exhibit superficial infection.
Complete revascularisation was performed in all patients. The average number of grafts was 4.39 per patient range (2 -9) . The average number of grafts in patients with diffuse disease was 5.19 per patient (n = 135) and without diffuse disease, was 4.16 per patient (n = 467).
Comments
The long-term benefit of bilateral internal thoracic grafts (BITA) is well established [1] [2] [3] [4] [5] . Still there is reluctance amongst surgeons to adopt routine BITA grafting [5] . It is often agreed that there is no real contraindication of BITA grafting [6] . Moreover use of BITA grafting often facilitates anaortic coronary artery bypass grafting (CABG). Anaortic off-pump CABG has the lowest stroke rate which compares favourably with percutaneous coronary intervention (PCI) [9] [10] [11] [12] .
OPCAB with an aortic-no-touch (anaortic) technique has often become synonymous with single left internal thoracic artery (LITA) based graft using LITA-right internal thoracic artery (RITA) y graft or LITA-radial artery y graft [13] . We use both ITA in situ where one ITA is used to graft LAD and other ITA is used as composite graft with radial artery [8, 13] . This helps to revascularise the left ventricle using two different sources [14] . Graft spasm is a major concern with anaortic ITA based grafting. Spasm of both in situ ITAs is very unlikely to happen simultaneously. Moreover, LAD has an independent blood supply from one ITA (mostly LITA) in our series. This may be a major contributing factor for the successful application of the OPCAB technique and no conversion to on-pump [7] . It is a common experience of most OPCAB surgeons that after grafting LAD with LITA or RITA there is improvement in myocardial and haemodynamic function which facilitates OPCAB elsewhere. We often prepare the y graft after grafting LAD which allows about 20-30 minutes of LAD perfusion with one ITA which may have facilitated cardiac manipulation and grafting of other vessels.
One possible objection to this technique is that of the RITA crossing the midline. We use thymic tissue (which was split in the middle before pericardiotomy) to cover the RITA pedicle. Both ITAs are harvested using an extra pleural approach. After covering the RITA pedicle with thymic tissue, both pleurae are opened near the chest wall attachment and approximated in the midline to cover the heart providing additional cover. Moreover in the current era, the chance of a patient undergoing redo surgery is remote if both internal thoracic artery (ITA) grafts are patent [14] .
There are many studies showing the safety of BITA grafting in diabetic patients [15] [16] [17] . It would be logical to argue that superiority of BITA will benefit diabetic patients most due to the aggressive nature of coronary artery disease in diabetic patients. However, BITA grafting is often avoided in diabetics who will benefit the most from it. Available evidence suggests that skeletonised ITA harvesting often preserves sternal vascularity and contributes to proper wound healing [2] . It is noteworthy that in the ARTS trial [18] the incidence of DSWI was similar for BITA and single ITA (SITA) groups in the OPCAB patients but was higher for Off-pump BITA grafting the BITA group in the on-pump patients. Using pedicle BITA and OPCAB techniques, a similar incidence of infection was reported in diabetic and not diabetic patients [17] . At present other than ARTS trial data there is no study comparing BITA grafting on-pump vs off-pump. However, ARTS trial data supports our experience that DSWI is rare after OPCAB BITA grafting. The absence of DSWI in 574 consecutive OPCAB patients with BITA graft might be the result of various surgical and medical factors we routinely employ. The contribution of each of the factors is difficult to assess and may be additive. These contributory factors are:
1. Skeletonised BITA harvesting: It is well-established in the literature that skeletonised BITA harvesting reduces the incidence of DSWI in diabetic and non diabetic patients. 2. OPCAB: OPCAB may confer some degree of protection from DSWI. Cardiopulmonary bypass induced inflammatory response is absent in OPCAB patients which may lead to preserved immunity. 3. Reduced blood and blood product requirement: OPCAB patients have significantly less requirement of blood and blood product and this may help in preserving immunity. 4. Meticulous haemostasis: Our low incidence of reoperation for bleeding is the result of meticulous haemostasis. This is shown by one reoperation for bleeding in 602 consecutive cases (0.17%). Even a small amount of blood clot in the mediastinum will work as a culture medium for infecting bacteria. 5. Irrigation of mediastinum and heart with warm saline just before closure: This helps to wash out all remnant blood and blood clots in the medistinum which is culture medium for bacteria. 6. Prophylactic use of parasternal wires in a patient with recognised risk factors for DSWI ie DM, female, elderly, osteoporotic sternum, COPD (Figure 2) : We also have a (Figure 2 ) while closing the sternum. As both ITAs are harvested, it is very easy to use parasternal wires without any bleeding. We feel this is a significant contributing factor to prevent sternal dehiscence and DSWI. When the sternum is closed without parasternal wires we use interlocking wires where each pair of wires supports the other wires (Figure 3 ). 7. Using extra-pleural ITA harvesting and using both pleurae to cover the heart: This provided pleural covering of the heart. This is similar to omental transposition used to treat mediastinitis as both pleurae are attached medially to the mediastinum with intact blood supply. 8. Topical instillation of antibiotic solution after sternal closure. 9. Strict blood sugar control: Postoperative with fasting sugar between 90 mg/dl-110 mg/dl and post meal blood sugar less than 160 mg/dl.
Avoiding higher generation of prophylactic antibiotic:
We use one of amoxicillin-clavulinic acid, cefazolin and levofloxacin as prophylactic antibiotics. The patient is clinically monitored for any features of infection. Serial WBC count is also done. If there is any clinical suspicion of infection, an unexplained rise in WBC count or increase in insulin requirement in diabetics then antibiotic therapy is escalated. These intensive medical measures may have resulted in the resolution of possible DSWI in the early stage and may explain absence of DSWI in our series of OPCAB BITA patients. All these factors may have contributed but the individual role of each factor is difficult to prove. It will require randomised control trials involving very large numbers of BITA patients to determine the role of each of these factors.
In the current practice of CABG surgery, BITA grafting is often avoided using various excuses which are very similar Table 3 A logistic regression was performed to ascertain the effects of age, sex, EF, HbA1C, DM, BMI, Htn, Diffuse Disease, COPD, Renal Dysfunction and Total Graft on the likelihood that participants have outcome Sup infection. The logistic regression model was statistically significant, x 2 (11) = 27.27, p < .0005. The model explained 31.0% (Nagelkerke R 2 ) of the variance in mortality and correctly classified 98.8% of cases. Sensitivity was 22.6%, specificity was 100%, positive predictive value was 100% and negative predictive value was 98.77%. Of the 11 predictor variables only two were statistically significant: HbA1C and COPD (as shown in Table) . Increasing HbA1C was associated with an increased likelihood of exhibiting Sup infection and COPD had 15.69 times higher odds to exhibit Sup infection. Off-pump BITA grafting to excuses used against LITA grafting three or four decades ago. In our series, female sex and presence of diffuse disease are risk factors for early mortality. These findings are concurrent with most reported series of CABG. There is a higher incidence of superficial wound infection in patients with high HbA1c and with COPD. The multivariate analysis did not reveal any higher risk of morbidity or mortality in patients with old age, obesity, renal dysfunction, low EF or a greater number of grafts performed. The presence of diabetes was not a risk factor but high HbA1c was associated with superficial wound problems. These findings assume importance as BITA grafting is often avoided because of various assumed risk factors; none of them have been proven to be significant in any randomised study. Moreover, ARTS trial findings that wound complications rates are similar in diabetic and non-diabetic patients with OPCAB BITA grafting but not so after on-pump BITA grafting supports the result of our study. Study Limitations: There are several limitations of this study which must be recognised. This is a single surgeon experience with a strong bias for OPCAB and arterial graft. This is a retrospective analysis of prospectively collected data. Moreover, comparison of the BITA with SITA group cannot be performed as BITA was used in more than 95% of patients. Patients in whom BITA was not used were either from the beginning of our study period or needed only one or two grafts in LAD territory. As the number of complications (early death, superficial infection) is small, the statistical analysis is prone to type 1 statistical error. This study is not intended to establish long-term superiority of OPCAB BITA grafting but to establish the safety of routine use of BITA during OPCAB. Another limitation of OPCAB is this technique cannot be used in rare instances of intracavitory coronary artery [19] and we did not encounter such problems in our series of isolated CABG.
Conclusion
The absence of deep sternal wound infection in our study proves that there is no contraindication of BITA grafting during OPCAB. Dual inflow BITA grafting is technically simple and can be easily adopted by a beginner attempting anaortic (aortic-no-touch) OPCAB. OPCAB with BITA grafting is safe and can achieve excellent early results.
Disclosure
None Figure 2 Chest X-ray showing prophylactic use of parasternal wires in patient with recognised risk factors for DSWI ie diabetes mellitus, female, elderly, osteoporotic sternum, chronic obstructive pulmonary disease. 
